Septic tanks are common devices for primary wastewater treatment, however, they are prone to periodically raised effluent solids concentration, which can accelerate the clogging process in specific conditions. The aim of the study was to identify the impact of the secondary filter on the reduction of TS load and possibility to increase the operation time. The study was carried out in two series using six filters. In each series six filters (pipes with filtering material installed on the bottom) were used: three filters with filter mesh and the other three -with non-woven geo-textile. The filters were being filled with wastewater until clogging was achieved (wastewater table in pipes rising up to 50 cm). For the hydraulic conductivity estimation of falling water table tests were performed. Similar values of accumulated TS to dosed TS ratios were observed during the both series for the both filtering material types. The particle size distributions in the both filtering materials were similar. The fact of accumulation of particles of very small dimension (over 73% smaller than 5 µm), much smaller than the filtering material pores diameter might suggest that the process taking place was that of cake filtration. Despite the higher cumulated dry mass of filter cake and inside the filtering layer, the average hydraulic conductivity of non-woven geo-textile was higher than the average hydraulic conductivity of filter mesh. Probably thanks to the higher porosity of geo-textile higher amount of solids can be trapped inside the filtering material itself. The study showed the relatively low ratio of accumulated solids to supplied solids load; however, the accumulated mass seems to be significant for clogging prevention, especially in the case of several filtering layers usage. This way much more solids can be removed from the septic tank effluent (e.g., using four layers -about 10÷20%) and clogging process can be slowed down (two -three years longer operation time).
Introduction
Septic tank is still one of the most common devices for the first wastewater treatment step/stage in Poland and several other countries in Europe. The advantage of this is low investment and operational costs, simple construction, relatively high solids and organic compounds removal efficiency on average. Unfortunately, its downside is the very wide range of solids concentration at inflow and unrecognized processes related to flow and its impact on sludge. Such installations are in use in approximately more than 30% of households in Ireland [1] , 25% in the United States [2] , 13% in Australia [3] , as well as a few per cent in the United Kingdom [4] and Poland. ST systems are also widely used in the 246 million population of South East Asia or Brazil and Mexico [5] .
Septic tank effluent (STE) poses a potential danger to human health and aquatic ecosystems if it reaches the surface or ground water without proper purification [6, 7] , but the basic functions of ST are retention of solids storage of sludge and scum and then breakdown of these substances in an anaerobic digestion process, and finally discharge of the partially treated effluent to soakaway soil [7] or biological installation for further treatment. In many publications it is suggested that soil clogging is usually accelerated under increasing hydraulic loading rates of STE or under increasing concentrations of organic matter and suspended solids at a given hydraulic loading rate [8] [9] [10] .
However, it is still common practice not to consider wastewater strength and hydraulic loading rate interactions, and simply apply septic tank effluent to soil or media infiltrative surfaces at the established hydraulic loading rates as a rule. Severe soil instances of clogging may result and effluent ponding may develop to the point where surfacing effluent or plumbing backups occur.
Therefore the septic tank effluent, especially suspended solids rates, may have a significant effect on the clogging and performance of a pre-treatment filter or soakaway soil. The range of average STE is from ca. 20 [11, 12] to 276 mg/L [12] . A similar range can be found in more recent literature, too [13, 14] . Septic tank effluent from a tank with an effluent filter has different characteristics from unfiltered effluent. Typical effluent concentrations from septic tanks equipped with effluent filters range from 20 to 55 mg/L for TSS [11, 15] . However, it is not rare that STE suspended solids rates are much higher, e.g. from restaurants or for black water: 372 [16] , 626 [17] , more than 1000 [14, 18] and even 4775 mg/L (mean 454 mg/L) [19] .
The lowest values of effectiveness of suspended solids removal in septic tanks are 32 [20] and 36% [21] , and the highest are 81 [22] and 88% [23] .
Filtration is a process which is used in water treatment and waste water treatment [24] . Biofiltration causes the particles to be retained within and on the surface of the filter material, unlike the living biomass contained in the biofilm removing organic substances. Filter cake is formed during the filtration on the surface of the filter material by the deposition of suspended particles [24] . This process leads to clogging and stagnancy of sewage on the filter surface. The parameter which can assess the filtration material permeability is hydraulic conductivity. There are at least two main in situ methodologies; the Constant Head method and Percolation Test to estimate this parameter [25] . The permeability of filter cake decreases in time finally to almost zero. To avoid unfavourable and dangerous process of filter cake development on the surface of soil absorption system different kinds of outflow from septic tank can be used. Pawlak et al. [26] confirmed the influence of outflow kind from septic tank on the quality of wastewater directed into the soil absorption system (SAS).
As a consequence, the application of filtration material in outflow from ST can extend the operating time of SAS. Even small particles as colloids with a size range assumed to be less than 1.2 microns according to the literature can play an important role in the permeability of SAS. Small size pores in filter cake were probably sensitive to closing or bridging by small size colloidal particles. Spychała et al. [27] reported that even a low content of colloids in outflow from septic tank can affect soil permeability, which can damage the soil absorption system. Spychała and Nieć [28] confirmed that the outflow from ST can dramatically reduce the value of hydraulic conductivity of the soil absorption system and can cause filter failure even after less than two years.
There are several different recommended clogging prevention values of STE hydraulic or TSS load. One is the maximum (total suspended solids) TSS load reported by Van Buuren et al. [29] : 4.9 kg/(m 2 /d), which gives at hydraulic load 0.016 m/d maximum TSS concentration about 63 g/m 3 . Unfortunately, most existing septic tanks probably do not fulfil this condition.
There is the need for reducing the solids and dissolved organic content remaining in effluents from septic tanks in many countries (e.g. in Brazil septic tanks combined with anaerobic filters are commonly used for domestic wastewater treatment [35] ), therefore the problems of better solids removal from wastewater or solids dewatering by filtration are noted by many authors. Riddle [30] proposed a device utilising scrolling geo-textile fabric filter. Another interesting device was presented by Sabry [31] -a system consisting of a modified upflow septic tank followed by an anaerobic baffle reactor. Bourgès-Gastaud et al. [32] performed a pressure filtration tests using non-woven geo-textiles to filter high-clay-content sludges. The efficiency of permeable pavements equipped with geotextiles as a pollutant source control measure was studied by Tota-Maharaj et al. [33] . Mendoza et al. [34] evaluated performance of gradual concentric chambers (GCC) using gravel bed as an effluent filter.
The aim of the study was to identify the impact of the secondary filter on the reduction of TSS load and the possibility to increase the relevant operation time.
Methods
The study was carried out using six transparent pipes made of organic glass. The dimensions of pipes were: 50 cm in length and 2.5 cm in diameter. Two types of filtering material were investigated: filter mesh (SP 14) and non-woven geotextile (TS20) (Figs. 1, 2) . The study was carried out in two series. In each series six pipes were used -three with filter mesh installed on the bottom (filters: F1, F2 and F3) and the other three with the non-woven geo-textile installed on the bottom (filters: F4, F5 and F6). The main technical characteristics of the filtering materials were: for filter mesh -material -100% polyamide, diameter of warp and thread -0.3 mm, number of plots for warp -354 pieces/10 cm, thread -55 pieces/10 cm, surface mass -379 g/m 2 , the maximum tensile strength warp -515 daN, thread -119 dN, relative elongation warp -31%, thread -24%, the air permeability -4140 mm/s and for non-woven TS20 geotextile: material -100% polypropylene stabilized against UV radiation; statistics puncture resistance Transparent cylinders of 2.5 cm in internal diameter and 50.0 cm length were used. The filters were being filled with wastewater until clogging was achieved (wastewater table close to the pipe upper edge).
For the hydraulic conductivity estimation of falling water table tests were performed. This procedure corresponded with the test method described by Li et al. [36] .
The particle size distribution was made using image analysis, utilizing the ImageJ free available software. The maximum dimension of particles described as maximum Feret diameter [37] was considered as the most representative for clogging particles. Statistical analysis (t-Student's test) was performed using Statistica software.
Results and discussion
The detailed information related to the experiments is presented in Tables 1  and 2 . The average total solids (TS) concentrations in wastewater filtered by the all investigated filters were: 203.9 ±30.5 mg/dm 3 (n = 3) in the first series and 375.2 ±16.1 mg/dm 3 (n = 3) in the second series. The volumes of dosed wastewater were different for filters because the filters were being filled with wastewater until clogging was achieved. It is worth noting that TS load is commonly viewed as determining the clogging process (TS concentration multiplied by dose volume). During the first series the observed ratio of TS of filter cake to dosed TS was 1.1% on average (from 0.4 to 2.1%). The observed accumulated TS to dosed TS ratio was 1.7% on average (from 1.3 to 2.5%). The observed TS of filter cake to dosed TS ratio during second series was similar to observed during first series: 1.3% on average (from 0.8 to 2.1%). The observed accumulated TS to dosed TS ratio in second series was 2.8% on average (from 1.8 to 4.4%).
The accumulated TS to dosed TS ratio was relatively low for both filtering material types. For the same sample of wastewater (the same TS concentration) and the same type of filtering material, varied time periods for clogging appearance were observed (especially in the case of filter mesh during the first series: from 462.2 to 1040.8 cm). A similar comment can be stated for non-woven geo-textile, however the difference was smaller: 166.3 and 221.4 cm. Despite the different facilities of filtering material (the filtering media were definitely different in pore volumes and porosity, as it was presented in the methods section in respect to particle size distribution) the particle size distributions in filter mesh and non-woven geo-textile were very similar (Fig. 3) This fact and the very small dimension of the greater part of particles (over 73% smaller than 5 µm) may suggest that the process taking place was that of cake filtration. This kind of filtration after a specified time of filtration is related mostly to the filter cake formation per se rather than filtering media properties.
The cooperation of average value with standard error of particle size of filter cake on the filter mesh and non-woven geo-textile measured in two series are presented in Figure 4 . The average values of filter cake particle size on the filter mesh and non-woven geo-textile were: 4.13 ±6.07 µm and 4.20 ±10.22 µm, respectively.
The results of measurement were statistically analysed. Once particle size distribution due to sample size is large enough, it was decided to apply the Central Limit Theorem [38] , which assumes a normal distribution sample and performed parametric statistics. The results of statistical analyses were shown in Figure 5 and presented in terms of medium and standard error. The results of hydraulic conductivity were verified, using the t-Student test and showed no significant difference between the analysed average at level of significance α = 0.05.
Despite the higher cumulated dry mass of filter cake and inside the filtering layer, the average hydraulic conductivity of non-woven geo-textile (0.0013 m/d) was higher than the average hydraulic conductivity of filter mesh (0.00067 m/d), however, the difference was not confirmed statistically. The higher permeability at higher accumulated mass could be related to the higher porosity of geo-textile than porosity of filter mesh per se. Probably thanks to this property higher amount of solids can be trapped inside the filtering material itself. During removal of solids from the filtering material it was observed that removal was much easier for filter mesh than for geo-textile. The reason for this fact was probably also the higher mass content trapped in higher pore volume. So the conclusion can be drawn that filter mesh enables the removal of a lower mass of solids than geo-textile but it can be easier to remove (by spreading with tap water). Further studies therefore should be focused on the usage of more than one filtering layer. This should be verified but we can suppose that e.g. four layers instead of one can remove from the septic tank effluent about four times more solids massabout 10÷20% and such a value can be thought as significant in relation to clogging time (two-three years longer operation time). Additionally (it was not investigated during this study but other studies showed this, such as Spychała and Łucyk [39] ), the filtering material, especially thicker than 1÷2 mm, can significantly remove dissolved substances such as organic matter.
In the authors' opinion there is a need to look for an efficient material filtering STE so as to prevent infiltration systems from clogging. One of the possibilities in this context is the usage of filter mesh or geo-textile (several layers) inside the septic tank, near the outflow.
Conclusions
The study showed the relatively low ratio of accumulated solids to supplied solids load.
Similar values of accumulated TS to dosed TS ratios were observed for both filtering material types. The particle size distributions in the both filtering materials were also similar. The accumulation of particles dimension much smaller than the filtering material pores diameter could be related to cake filtration process.
